INTRODUCTION
Construction of power-effi ciency buildings is one of the actual tendencies of modern architecture. Implementation of active building-integrated solar systems for independent energy supply of buildings creates the necessary prerequisites for zero energy and zero emission buildings construction that will contribute the improvement of ecological situation in big cities and increase the energy efficiency of urban development [02, 03, 05, 22, 26] . Active building-integrated solar systems can be categorized into three groups:
• Photovoltaic (PV) systems • Solar thermal systems • Photovoltaic and thermal systems Solar photovoltaic (PV) systems are one of the most promising renewable energy technologies for building application, producing electricity directly from solar radiation without harming the environment. Building integrated photovoltaic (BIPV) systems (Figure 1, left) , where solar cells are integrated within the climate envelopes of buildings and utilizing solar radiation to produce electricity [15] . Also it is possible to integrate solar thermal systems (BIST) into the buildings in order to transform solar energy into thermal (Figure 1, right) . One of last technologies in this sphere is building-integrated photovoltaic and thermal (BIPVT) systems, which supplies generation of electrical and thermal energy at the same time. These competitive new technologies may represent a powerful and versatile tool for reaching main goals with respect to aesthetical, economical and technical solutions.
Moreover, article gives BIPV systems classifi cation, considered international qualifi ed standards of BIPV systems. The methodology of calculation of solar radiation income on variously oriented surfaces in real cloudiness conditions is given. Based on this methodology, was developed the software in order to calculate solar radiation income on differently orientated inclined surfaces in real weather conditions in point with inputted geographical coordinates. Paper contains calculations of solar radiation income on variously orientated surfaces. Recommendations for optimal disposition of PV modules and solar thermal collectors in climatic conditions of Saint-Petersburg are given.
PV SYSTEMS CATEGORIZATION
There are two main types of design decisions for PV systems disposition on building:
• Building-applied photovoltaic (BAPV) systems: placement and consolidation of PV modules over the building construction.
• BIPV systems: replacement parts of the building construction using integrated PV modules. BAPV systems are maintained on the building after construction is complete, hence not directly related to the building structures aspects. Nevertheless, in the historical center of Saint-Petersburg, according to the regional legislation, disposition of facilities on frontal facades of historic buildings is practically forbidden. In this case, BIPV systems are one the most perspective solutions [01, 10, 21] . At the same time, for apartment block and for industrial buildings outside the city center there is a possibility to apply both technologies. The range of BIPV products is very wide, and they may be categorized in several different ways. The categorization mainly performed based on the product description. BIPV products can be divided into following groups [14] :
• BIPV tile products • BIPV foil products • BIPV glazing products BIPV tile products may cover the entire roof or selected parts of the roof. This type of BIPV products looks like traditional roof tiles with the identical properties, but with the PV modules functions [19, 20] . BIPV roof tiles are suitable for easy roofs retrofi tting. Example of BIPV tiles is presented on Figure 2 . BIPV foil products are lightweight and fl exible, which leads to easy installation prevailing weight constraints. As a rule, BIPV foil products are made from thin-fi lm cells to maintain the fl exibility in the foil. Considering its characteristics, such 
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REQUIREMENTS AND STANDARDS FOR BIPV SYSTEMS
BIPV systems are considered as a functional part of the building structure or they are architecturally integrated into the building design, thus serving simultaneously as both a building envelope material and a power source generating electricity. I.e., the BIPV system must fulfi l the requirements of both the building envelope material and construction, and the PV solar cells. Such characteristics of BIPV system as mechanical properties, durability versus climatic exposure conditions, rain and wind tightness, various building physical issues (e.g. heat and moisture transport in the building envelope) have to be considered and accounted for [16, 17, 18] . 
ECONOMIC ASPECTS OF BIPV SYSTEMS
The global market for BIPVs grown to $1.8•109 in 2009 and expected to grow to $8.7•109 in 2016 (according to consulting fi rm NanoMarkets, New York). As PV panels occupy a large area for installation, the associated fi nancial challenge could be best answered by space-saving technologies like BIPV systems. Incorporation of PV materials into products such as roofi ng materials, windows and glassed facades provides the opportunity for cost reduction by replacing common building materials with PV materials at marginal costs [24, 25] . In comparison to steel, aluminum, glass or other more conventional cladding materials, installing BIPV systems adds only a marginal extra cost (2-5%) to the overall construction costs of a commercial building. For a building owner, the installation and operation cost of the BIPV system might be offset by selling the surplus electricity to a utility company. Over time, the cost of a PV system will decline with the improvement of technical advances, resulting into a lower price per kW installed [15] , which is an important part of the development aimed at making installation and building integration of PV products profi table without subsidies [28] [29] [30] [31] [32] [33] . 297 as fl exibility and lightweight, this kind of BIPV products can be maintained into practically any part of the building: roof, façade, etc. BIPV glazing products provide a great diversity of options for windows, glassed or tiled façades and roofs (Figure 3) .
The solar cells glazing modules transmit daylight and serve water and sun protections. The distance between the solar cells depends on needed transparency level and the criteria of electricity production.
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METHODOLOGY OF SOLAR RADIATION INCOME ESTIMATION IN REAL WEATHER CONDITIONS
In the task of solar and thermal technologies effi ciency defi nition it's necessary to know electrical or thermal generation value, which depends on solar radiation income in real weather conditions. That is why, for right effi ciency defi nition and appropriation of their installation fi rstly should be defi ned solar radiation income on the inclined surface, value of this irradiance depends on inclination angle and orientation.
To defi ne solar radiation density on horizontal surface considering atmosphere losses (absorption and scattering) was applied parametrical model «Iqbal model C» [13] . In this model direct normal irradiance on horizontal surface (W/m 2 ) can be calculated by the formula (1), where the factor 0.9751 is included because the spectral interval considered is ; EC is the solar constant which can be taken as 1367 W/m2; A(n) (dimensionless) is the eccentricity correction-factor of the Earth's orbit, depends on the day number of the year; (dimensionless)are the Rayleigh, ozone, aerosols, gas and water scattering-transmittances respectively; -incidence angle on the horizontal surface. The horizontal diffuse irradiance (W/m 2 ) (2) is a sum of three components corresponding to the Rayleigh scattering after the fi rst pass through the atmosphere, Dr (W/m where (dimensionless) -the albedo of the cloudless sky; ; (dimensionless) the ground albedo. Additional information about model applied may be found in the studies [11, 28] . Adoption to the real cloudiness conditions in the hour density of solar radiation calculation accomplished in condition that daily average irradiance Income of refl ected solar radiation on inclined surface mainly depends on ground albedo and inclination angle of the surface itself (β) and defi ned by the formula (13) . Finally, density of global solar irradiance on differently orientated surfaces (kWh/m 2 ) defi ned by formula (14) . (4) 297 (1) Journal of Applied Engineering Science 12(2014)3,
(12) 
SOFTWARE
Based on the presented in part 5 algorithm of solar radiation calculation income on inclined oriented surface was developed the software. This software gives a possibility to calculate daily, monthly and annual income of global solar irradiance on differently orientated inclined surfaces in point with inputted geographical coordinates (longitude, latitude) considering atmosphere losses in real cloudiness conditions.
Program initial data, entered by user, is: latitude and longitude of the region, calculation period (day numbers), inclination and azimuth angles, ground albedo value and factors necessary for atmosphere characteristics determination.Program main window and block diagram are shown on Figure 4 and Figure 5 respectively. Output data, which consists of daily, monthly and annual income solar radiation density values, is recorded into the text fi le. 
RESULTS
By
Calculation for vertical surface
In case of vertical inclination, the most important parameter, which defi nes the effi ciency of integrated solar system, is orientation. That is why for making optimal design decision in choosing orientation for photosensitive surfaces installation, comparative analysis of calculated solar irradiance data per square meter with different orientation was conducted.
Results are presented in Table 1 and on Figure  6 . As it is evident from the Table 1 , most effi cient is south orientation, that was predictable. However choosingSouth-West (South-East) orientation, annual solar irradiance income decreased just by 6,36%. Also, as it is evident from fi gure 6, from May to July South-West orientation is the most effi cient.
Calculation for inclined surface
Taking decision about value of orientation and inclination angle of the roof made with implementation of power-supply integrated systems, it is necessary to take in to consideration density of solar irradiance power fl ow per square meter of oriented surface. From previous results it is known that South orientation is the most effi cient. In this case calculations in order to fi nd optimal angle conducted in the assumption of South orientation. Results are presented on Figure 7 , which describes year solar irradiance income on South-oriented surface in real cloudiness conditions and without cloudiness depending on the inclination angle.
The graph on Figure 7 shows that for calculation in cloudlessness conditions the most effi cient angles are from 55 to 60 degrees. These results correspond with standard recommendations for selection optimal inclination angle, equal to the latitude of the area. For calculations considering cloudiness, optimal inclination angles are from 30 to 40 degrees. Maximum annual income of solar irradiance is about 1045,83 kWh/m2. However choosing angles from 15 to 55 degrees losses make up no more than 5%. 
